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Summary 


The objective of this experimental program was to bracket 
the workable material and dimension limits for a shaped 
charge device which can be prepared from indigenous 
materials during guerrilla or covert warfare operations. 

This final Technical Report describes the results of an 
experimental program defining the design limits of shaped 
charge devices constructed of indigenous materials capable of 
defeating light armor targets. 

The shaped charge mechanism selected for this study con- 
sisted of a metallic lined cylindrical cavity in a cylindrical ex- 
plosive body. Liner materials investigated included copper, 
brass, steel, aluminum and plastic, Device length was held 
constant while case diameter, liner length and diameter were 
varied. Charge performance was evaluated in terms of depth 
of penetration into a target and the size of target hole. This 
charge design successfully defeated mild steel targets up to 
1.5 inches thick and produced a target hole up to 1.5 inches 
in diameter. 

In order to determine if charge fabrication could be further 
simplified, devices using unlined cylindrical and unlined coni- 
cal cavities were evaluated. 

The unlined cavity charge designs were successful in pen- 
etrating 1.0 inch thick steel targets and produced target holes 
up to 1.75 inches in diameter. 

This program also investigated the effect of charge stand- 
off, charge confinement and charge off-center initiation upon 
performance characteristics. 


I. Background 


Shaped charge devices consist of a cylindrical explosive 
body at one end of which is located a conical cavity. This 
cavity is “lined’’ with a ductile metal, generally copper, which 
is called a liner. 

When the explosive is detonated, the liner is deformed into 
a high velocity metal jet which is capable of penetrating steel 
armor plate, concrete and the like. Though a shaped charge is 
an effective anti-material device, the design has limitations in 
that the charge construction is extremely sensitive to varia- 
tions in charge dimensions. Minor alteration in dimensions 
can cause a drastic reduction in the effectiveness of the device. 
Conventional shaped charges require complicating rolling, 
forming or spinning techniques to form the conical liner. This 
equipment and these facilities are not usually available under 
covert warfare conditions. 

For this reason, a variation of the conical shaped charge 
was selected for study. This is the cylindrical liner charge that 
consists of a metallic lined cylindrical cavity in a cylindrical 
explosive body. The cylindrical liner has been used in labora- 
tory experimentation to produce high velocity particles which 
simulate micro-meteorites. 

The initial charge design consisted of a three inch length 
of steel pipe which acts as the charge case. A cylindrical 
metallic liner is located at one end of the charge and is sur- 
rounded by explosive. The device is initiated by a detonator 
at the opposite end (Figure 1). 

Case and liner dimensions are referred to in both pipe size 
and actual outer diameter (OD) and inner diameter (ID). The 
term “‘standoff”’ refers to the distance from the target to the 
charge. 

This program studied the effect of different liner materials 
upon the performance of the penetrating jet. Performance 
was gauged by the depth of target penetration and the size of 


the hole produced in the target. Other parameters varied during 
the study and evaluated for their effect on penetration and 
target damage were: case diameter, liner length, liner diameter, 
charge confinement and off-center charge initiation. 


II. Experimental Program 


A, Experimental Design 


The following charge parameters were varied and 
target effects such as total penetration and target entry and 
exit hole diameter were rneasured: 


Liner material. 

Liner diameter/case diameter. 
Liner length. 

Charge case confinement. 


el a 


The following operating parameters were investigated for 
effect upon munition effectiveness in terms of total target 
penetration and target entry hole size: 


1. Standoff 
2.  Off-center charge initiation. 


The initial test charge design consisted of a 3.0 inch length 
of steel pipe, 1.66 outer diameter, 1.38 inner diameter (1-4 
inch pipe size) having a cylindrical liner encased by composi- 
tion C-3 plastic explosive. The charge was detonated by 
primacord and a Number 6 electric detonator. 

The choice of standard pipe sizes for both liner and case 
material was based upon availability, worldwide economy 
and distribution of this type of material. During charge fabri- 
cation, tolerances were disregarded on liner and squareness. 
This was considered to be a condition under which actual 
charges would be fabricated. Charge liner materials selected 
for test and evaluation included copper, steel, brass, aluminum 
and plastic, Charge cases were fabricated from steel pipe and 
cardboard tubes. 
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B, Cylindrical Lined Cavity Tests 


1. Liner Material Effect 


Liner material performance was evaluated in terms of 
total target penetration and entry hole diameter. Experimen- 
tal results are presented in Table I. These results indicate that 
all of the metallic liners are equally effective against thin steel 
targets. In all cases, the metallic liners defeated 1.0 inch thick 
mild steel plate. Aluminum and thin walled steel cylindrical 
liners penetrated 1.5 inches of steel plate (shown in Table III). 
For this reason, we recommend either aluminum or thin wall 
steel liners for this type device materials, and, if those are not 
available, any other metallic liner can be used. 


2. Liner Diameter/Case Diameter 


The data presented in Table I were rearranged and are 
presented in Table II in the order of increasing liner outer 
diameter. The case was held constant at a 1-% inch pipe size 
(OD 1.66, ID 1.38). The best performance in terms of entry 
hole size and depth of penetration was obtained with the 
charge design using the larger diameter liner material (4 inch 
pipe, OD 0.84, ID 0.622). This leads to the tests shown in 
Table III in which the case diameter was varied while holding 
the liner material and size constant. This table shows that a 4 
inch pipe (OD 0.84, ID 0,622) liner in a 2 inch pipe (OD 2.375, 
ID 2.067) case is the best combination of liner/case size to 
produce penetration of a 1.5 inch steel target, The aluminum 
and thin steel cylindrical liners both defeated the 1.5 inch 
thick mild steel targets. 

It appears that an approximate case diameter/liner dia- 
meter ratio of 3 is required in order to achieve deep target 
penetration. 


3, Liner Length 


Various liner lengths and liner cavity depths were exper- 
imentally tried in order to improve Target Penetration, These 
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+ Total target penetration 
* Standoff 0:25 inches 


test results are presented in Table IV. Tests were conducted 
with three materials: brass, aluminum and steel as liners. Case 
diameter was held constant using 2 inch pipe (OD 2.375, 
ID 2.067). Results indicate the 1.5 and 2.0 inch long liners 
provide the best target penetration. This length was equal to 
1/2 to 2/3 of the length of the total charge. 

Partially lined cavities of recessed liners did not add to 
the target damage. Therefore, it is recommended that a liner 
length equal to 1/2 or 2/3 of the charge length be used in 
cylindrical charge. 


4, Charge Confinement 


Charge confinement experiments were conducted to 
evaluate the thickness or type of confinement necessary for 
target penetration (Table V). Confinement materials were 
0.125 inch thick wall cardboard (light confinement), 0.154 
inch thick wall steel (medium confinement), and 0.218 inch 
thick steel pipe (heavy confinement). The light confinement 
reduced the target penetration produced by one liner material, 
brass, as much as 45 percent. However, the heavy wall con- 
finement did not improve charge performance appreciably. 
Therefore, it is recommended that case material can be con- 
structed from regular strength steel pipe. Light confinement 
such as cardboard, plastic tubing should not be used unless 
the decrease in target penetration can be tolerated. 


5. Charge Standoff 


Charge standoff was varied with several different liner 
materials and diameters. The results shown in Table VI indicate 
that the cylindrical charge works best at standoff distances 
greater than 0 inches but less than 0.5 inches. Therefore, 
throughout most of this study, a standoff of 0.25 inches was 
used unless otherwise noted. 


C. Crimped End Liner 


Experimental evaluations of the cylindrical liner charges 
were conducted to improve the charge performance. One 
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technique tested consisted of crimping the end of the cylind- 
rical liner closed and then embedding this end in the explosive. 
This modification did not offer an improvement over the 
‘standard cylindrical liner (Table VII). These results indicate 
that cylindrical liner symmetry is not critical in order to 
achieve target penetration. Therefore, scrap pipe, even if 
dented or bent, could be used in this improvised weapon con- 
cept. 


D, Unlined Cylindrical Cavity 


Experiments were conducted to ascertain if further charge 
simplification could be accomplished by elimination of the 
liner and just use an unlined cavity in an explosive body. 
These experiments were conducted to answer three questions: 


1. What size cavity? 
2. What charge standoff? 
3. What charge confinement? 


1. Cavity Study 


The unlined cavity size was varied from 0.80 inch dia- 
meter to 1.25 inches in diameter. Cavity depth varied. from 
1.50 to 2.00 inches deep. Charge length was 3.0 inches long 
and the charge case was 2 inch pipe (OD 2.375, ID 2.067). 
The cavity 1.25 inches in diameter by 1.5 inches long pro- 
duced the deepest target penetration and entry hole diameter 
(Table VIII). We therefore recommend an unlined cavity ap- 
proximately 1.25 inches in diameter by 1.5 inches long to be 
used if a metallic liner is not available. 


2. Confinement Effect 


The performance of the unlined cavity charges in terms 
of target penetration is effected by confinement. Confinement 
in the form of standard pipe wall produces increased target 
penetration over charges confined in cardboard tubes. Charges 
with light confinement penetrated 0.75 inch of steel but 
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charges with standard pipe wall penetrated 1.0 inch of steel 
(Table IX). 


3. Standoff Effect 


The unlined cavity charge requires the same charge stand- 
off (0.25 inches) as the lined cavity charge. Table X shows 
that as charge standoff was increased, target penetration de- 
creased. It can be assumed, therefore, that the unlined cylin- 
drical cavity has the same standoff requirements and confine- 
ment requirements as the lined cylindrical cavity charge. 


E, Unlined Conical Cavity 


1, Construction 


Based on the target damage obtained with the unlined 
cylindrical cavity, experiments were conducted with charges 
having an unlined conical cavity. The 60° cavity was hand 
cut from the solid explosive cylinder with a knife blade. The 
cavity was approximately 60°. 

The final hand cut cavity could be made smooth by use 
of a 30° - 60° - 90° triangle using the 60° angle and slowly 
rotating the triangle. If no tools are available, a stick can be 
used to form and smooth the explosive cavity surface. 


2. Performance 


Four devices were fabricated and fired for target penetra- 
tion into infinite mild steel target. They all penetrated 1.0 
inches of steel and produced good target damage in terms of 
entry hole size. 


3. Confinement 
As in the other confinement tests performed on unlined 
cavity charges, confinement is required for the best target 


penetration and entry hole damages. The results presented in 
Table XI indicate the necessity of charge confinement. 
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4, Standoff 


The unlined conical cavity charge in contrast to the lined 
conical cavity shaped charge performs better at the smaller 
standoffs. A normal copper lined charge of this caliber would 
require at least 2.0 inches standoff for optimum penetration, 
however, this unlined cavity requires a standoff of only 0.25 
inch (Table XII). 


5, Off-Center Initiation 


Charge performance degradation under adverse initiation 
conditions was studied next. Minimum charge confinement 
was used and the initiation point was located at center, 0.25 
inch off-center, and 0.50 inch off-center. Results indicate a 
slight penetration loss at each successive off-center point 
(Table XIV). 

A 17 percent degradation in target penetration was ex- 
perienced between the charge center initiation and the charge 
initiation 0.25 inch off-center. 

This indicates care should be taken to center the explosive 
detonator as close as possible to the charge center. 
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Ill. Analysis 


This experimental study was conducted to define the 
boundaries of the improvised shaped charge, and not the 
operating principles, 

‘The three designs evaluated are very simple to fabricate 
from indigenous materials, and perform quite well against 
light steel targets. Moderate confinement and short standoff 
between charge and target will aid performance. 

Case/liner diameter ratio should be approximately 3 for 


the best target damage. Liner thickness should be as thin as 
practical. 
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IV. Conclusions 


A. The improvised shaped charge is an effective device for 
penetrating steel targets as thick as 1.50 inches. The lined 
cylindrical cavity device produces the deeper target penetra- 
tion, However, the unlined cavity devices produce greater 
target damage in terms of target hole size. If a thin target is 
expected (e.g., petroleum storage tanks, wheeled vehicles, 
engine blocks, etc.), the unlined cavity charges are recom- 
mended for they will produce the greatest target damage. 
Against tracked vehicles or APC’s or other targets considered 
heavy, the lined cavity charge is recommended. 


B. Liner material wall thickness should be as thin as pos- 
sible in order to achieve deep target penetration. Steel conduit 
or thin metallic tubing is recommended in order to achieve 
deep penetration. 


C. Charge to target standoff should be held to less than 
0.5 inch and it appears the optimum standoff is 0.25 inch. 
This standoff distance will insure maximum target penetration 
with any of the three charge designs evaluated. 


D. Off-center initiation of charges decreases total target 
penetration. Reasonable care should be taken to insure the 
charge detonator is centered. 


E. In order to achieve maximum target penetration, case 
confinement consisting of iron or steel pipe is required. Extra 
heavy iron pipe dos not appreciably increase target penetration, 
but no confinement drastically reduces total target penetration. 


F. The lined cylindrical cavity shaped charge can be 
prepared simply from easily obtained pipe or tubing. Dents in 
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the liner or case material do not adversely affect charge per- 
formance. No special preparation of the liner or case material 
is required. Steel targets up to 1.5 inches thick can be defeated. 


G. The unlined cavity charges are extremely simple to 
fabricate and the charges will defeat 1.0 inch thick steel 
targets. 


The target damage performance of all three charge designs 
— the lined cylindrical cavity, the unlined cylindrical cavity 
and the unlined conical cavity — were considered good, with 
no one appreciably superior. This fact made essential the 
presentation of Designs I, II and III for consideration for 
use in the Improvised Munitions Handbook (see Appendix). 
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Cylindrical Cavity 
Shaped Charge 


A type of shaped charge can be 
prepared from common pipe which 
can penetrate 1% inches of steel 
producing a hole 1% inches in 
diameter. 


MATERIAL REQUIRED 
Iron or steel pipe, 2 to 2% inches 
in diameter, 3 to 4 inches long 
(case). Metal conduit pipe, % to 
%4 inch in diameter, 1 to 2 inches 
long (liner). Blasting cap. 
Blasting cap. 
% inch diameter non-metallic rod. 
Plastic explosive. 


PROCEDURE 
1. Place pipe case on flat surface, hand pack and tamp 
explosive into case leaving %4 inch void for standoff. 
2. Push % inch rod into center of explosive, enlarge hole 
to liner diameter and length. 
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3. Insert liner. Make sure direct contact between explo- 
sive and liner is made by tamping explosive. 

4. Push %4 inch rod into center of opposite end % inch deep 
to insert blasting cap. 


CAUTION: DO NOT PUSH ROD THROUGH EXPLOSIVE 
COLUMN WHEN HOLE IS FORMED. MINIMUM DIS- 
TANCE BETWEEN CAP AND LINER= 1 INCH. 


WARNING: DO NOT INSERT BLASTING CAP UNTIL 
CHARGE IS READY TO FIRE. 
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Unlined Cylindrical Cavity 
Shaped Charge 


A modified cylindrical cavity 
shaped charge can be prepared which 
will penetrate one inch of mild steel 
producing a hole 1-% to 1-% inches 
in diameter. 


MATERIAL REQUIRED 


Iron or steel pipe, 2 to 2% inches in 
diameter 3 to 4 inches long (case). 
Blasting cap. 

Plastic explosive. 

% inch diameter non-metallic rod. 


PROCEDURE 
1. Place pipe case on flat surface, hand pack and tamp explo- 
sive into case leaving % inch void. 
2. Push 4 inch rod into center of explosive 1.50 inches deep. 
Enlarge cavity to 1.25 inch diameter, 
3, Leave 0.25 inches void in bottom of charge for standoff. 
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4. Push % inch rod into center of opposite end 4% inch deep 
to insert blasting cap. This cavity should be as close as possible 
to the center of the circular end. 


CAUTION: DO NOT PUSH ROD THROUGH EXPLOSIVE 
COLUMN WHEN CAP HOLE IS FORMED. 


WARNING: DO NOT INSERT BLASTING CAP UNTIL 
CHARGE IS READY TO FIRE. 
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Unlined Conical Cavity 
Shaped Charge 


An unlined cavity shaped charge 
can be prepared which will penetrate 
over 1 inch of steel and produce a 
hole 1-% inch in diameter. 


MATERIAL REQUIRED 

Iron or steel pipe, 2 to 2-% inches 
in diameter, 3to 4 inches long (case). 
Blasting cap. 

Plastic explosive. 

Y% inch diameter non-metallic rod. 


PROCEDURE 

1. Place pipe case on flat surface, 
hand pack and tamp explosive 
into case leaving % inch void for 
standoff. 

2. Proceed to form conical cavity by removing explosive with 

% inch rod. Cavity depth should be approximately 1.5 to 1.75 

inch deep in explosive. Cavity apex may be blunt - sharp 

point not required. 
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3. At the other end of the charge make a % inch deep hole 
with the %4 inch rod into which the blasting cap can be 
inserted. 


CAUTION: DO NOT PUSH ROD THROUGH EXPLOSIVE 
COLUMN WHEN CAP HOLE IS FORMED. 


WARNING: DO NOT INSERT BLASTING CAP UNTIL 
CHARGE IS READY TO FIRE. 


